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Soil salinity is one of the most serious problems in planting areas of mungbean as it especially grown as a 
rice fallow crop in the coastal regions. Salinity is a mass destructive effect on the crop productivity and crop 
establishment in the world. Natural boundaries imposed by soil salinity also limit the caloric and 
nutritional potential of agricultural production. In addition, the crop plants must be capable of satisfactory 
biomass production in saline environment i.e., should have yield stability. 
Mungbean [Vigna radiata (L) Wilczek] is one of the important short duration pulse crops which are rich 
in proteins [1] and high quality methionine protein [2]. India has been the largest global producer and 
consumer of mungbean. Over the years, systematic breeding efforts have led to the development of a large 
number of improved varieties in this crop. However, its true yield potential has yet not been achieved 
owing to several constraints [3]. One of the major constraints is its susceptibility to a number of abiotic 
stresses. Salinity stress during the entire life cycle of the crop cause considerable yield losses in mungbean. 
However, breeding for abiotic stress resistance has unfortunately remained neglected in mungbean. Due to 
complex nature of these stresses and lack of appropriate screening techniques, outcomes achieved have been 
less [4]. Attempts have also been made to evaluate germplasm in natural saline areas [5] as well as by cell 
culture technique, physiological and biochemical characteristics [6]. Keeping in view the importance of 
salinity stress, development of mungbean genotypes tolerate salinity stress are essential to increase mungbean 
production in the country. Some efforts have been undertaken in this direction besides screening of 
mungbean genotypes for salinity stress. 
2. Materials and methods 
2.1. Experimental Design and Evaluation of Salinity Tolerance 
The experiment was conducted under natural conditions during January-March 2010, June –August 2010 
and January – March 2011 at the Experimental Farm (Elevation – 5.7 above MSL), Department of Genetics 
and Plant Breeding, Faculty of Agriculture, Annamalai University, India. The genotypes were collected 
based on their geographical and ecological adaptations to semi-arid and semi-humid regions of India. 
They were crossed in line x tester fashion and the following experiment was executed using those parental 
types and their hybrids for this study. Eight parents viz., LGG 450, VRMGG Local, LGG 460, EC 30072, 
VRMGG 1, LGG 410, PMB 27 and VBN 1 and five hybrids namely LGG 450/LGG 410, VRMGG 
Local/PMB 27, LGG 460/PMB 27, EC 30072/PMB 27 and VRMGG 1/VBN 1 were evaluated for salinity 
tolerance. The parents and hybrids were sown by hand and raised in randomized block design (RBD) with 
three replications. The plant distance adopted was 30 X 10 cm with three replications. Excess seed were 
sown and then the seedlings were thinned to obtain the optimum and uniform population for all the genotypes 
and replications. Need based irrigation and plant production and protection were protection were undertaken 
to get a good crop.  
Germination of the parents and the hybrids was performed in soil Stalinized with NaCl to accomplish 4 
and 8 dsm-1 and in a control. Selected parents were washed repeatedly with sterilized distilled water, sown 
(50 seeds) directly in pots. Data on germination was recorded on alternate days, until no further germination 
was notable in control pots. The seedlings were allowed to grow for another five days to test their post 
germination survival. After germination and thinning, four plants of uniform size were maintained in each pot. 
Salt solution was gradually added to the pots @ 20 mmol NaCl L-1 per day to achieve 4 dsm-1 and 8 dsm-1 
levels.  
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2.2. Plant Analysis 
Biometric characters such as number of branches plant-1, number of clusters plant-1, Number of pods plant-
1, 100 seed weight, and seed yield plant-1 were measured and quantified at the time of harvest or at 
physiological maturity. The leaf area index was calculated by using the formula [7].  
Leaf Area Index (LAI) =                                   (1) 
The biochemical characters namely the chlorophyll content and nitrate reductase activity was 
analysed by following standard protocols as enlisted below. 
Total chlorophyll contents of leaf were determined by acetone extraction method [8] and the absorbance of 
the extract was read at 645 and 663 nm in UV-VIS Spectrophotometer (ELICO Model SL-1 59) and for blank 
80 per cent acetone was used. Chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll contents were calculated 
using the following formulae and expressed in mg g-1 fresh weight.  
    (2) 
     (3) 
           (4) 
Where,  
A = Absorbance at specific wavelengths (645 and 663 nm) 
V = Final volume of the chlorophyll extract  
W = Fresh weight of the sample (g) 
a = Path length of light (1 cm)  
The nitrate reductase activity (NRA) in vivo was assayed [9] and the absorbance of the pink 
coloured solution was measured at 540 nm after 20 minutes with the help of a spectrophotometer 
(ELICO, Model SL-159). 
The bio-physical characters such as photosynthetic rate, transpiration rate and stomatal conductance 
were recorded on the abaxial surface of the 4th fully expanded leaf from the top at 45 DAS with a portable 
Photosynthesis System (Model: LiCOR-6200) Net photosynthesis rate (Pn), transpiration rate, stomatal 
conductance (Cs), and other related parameters were available at computer output attached to the system.  
3. Results 
3.1. Salinity effects on biometric characters 
The analysis of variance for biometric characters was highly significant for all the treatments among 
parents and hybrids at 5 percent except for 100 seed weight. The genotype LGG450 recorded the maximum 
number of clusters plant-1 and number of branches plant-1 for control, 4dsm-1 and 8dsm-1 salinity treatments;  
VRMGG Local recorded the maximum values for the characters number of pods plant-1, 100 seed weight 
and seed yield plant-1 or the control and the treatments. Among the hybrids, VRMGG1/VBN1 revealed 
the maximum values for majority of the biometric characters at 4 dsm-1 and 8 dsm-1 levels of salinity. 
3.2. Salinity effects on biochemical and biophysical characters 
The biochemical characters revealed high level of significance for all the treatments and control. The 
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hybrids performed better than the parents and higher values for total chlorophyll content and nitrate reductase 
activity. The parent LGG450 recorded the maximum chlorophyll content and high nitrate reductase activity 
among the treatments. The biochemical characters were also observed to be in a decreasing trend with the 
increase in salinity levels (Table 1).  
 
 
 
Fig. 1. Mean values of  parents and hybrids for various biometric characters 
The bio-physical characters, photosynthetic rate, transpiration rate and stomatal conductance revealed a 
high level of significance of variance. The parent VRMGG1 revealed high photosynthetic rate and moderate 
transpiration rate among treatments; LGG450 showed high transpiration rate among the treatments and the 
parent VRMGG Local had high values for stomatal conductance among the various treatments. The hybrid, 
VMGG1/VBN1 recorded high transpiration rate and stomatal conductance with reduced transpiration rate 
among all the treatments. The hybrids excelled in performance when compared to the parents in all the 
treatments (Table 1). 
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4. Discussion 
The plants tend to prolong stress tolerance by using several mechanisms that tend to postpone or tolerate 
desiccation. This includes reduction of water loss by increased stomatal resistance, maintaining turgor 
pressure and osmotic potential when exposed to saline conditions [11 & 12]. It is evident from the results 
that the total chlorophyll content is one of the most important among biochemical characters in enhancing the 
seed yield per plant. High chlorophyll content especially in the later stages of growth helps in maintaining the 
leaves to remain active for longer periods to supply photosynthates [13]. Photosynthesis is one of the most 
promising physiological processes contributing to plant growth and productivity of crops for  
Table 1. Mean performance of parents and hybrids for biochemical and biophysical characters 
PARENTS 
Total Chlorophyll Content 
(mg-1 fr. Wt.) 
Nitrate Reductase Activity  
(  mol NO2 g-1 fr. Wt. Hr-1) 
Photosynthetic Rate        
(  mol CO2m-2s-1) 
Transpiration Rate          (  
mol NO2 g-1 fr. Wt. Hr-1) 
Stomatal Conductance      
(  mol CO2m-2s-1) 
Control 4 dsm-1 8 dsm-1 Control 4 dsm-1 8 dsm-1 Control 4 dsm-1 8 dsm-1 Control 4 dsm-1 8 dsm-1 Control 4 dsm-1 8 dsm-1
LGG 450 1.76 1.55 1.37 12.34 10.88 9.60 34.84 30.72 27.08 5.17 4.56 4.02 0.42 0.37 0.32
VRMGG Local 1.56 1.38 1.22 11.09 9.78 8.62 34.85 30.73 27.08 4.20 3.71 3.27 0.43 0.38 0.33
LGG 460 1.36 1.20 1.06 11.01 9.71 8.56 26.48 23.35 20.58 3.85 3.40 2.99 0.40 0.35 0.30
EC 30072 1.54 1.36 1.20 11.78 10.39 9.16 30.66 27.03 23.83 4.99 4.40 3.89 0.44 0.39 0.34
VRMGG 1 1.52 1.34 1.18 10.92 9.63 8.49 35.56 31.36 27.65 4.22 3.72 3.29 0.42 0.37 0.32
LGG 410 1.34 1.18 1.05 10.74 9.47 8.34 26.48 23.35 20.58 3.85 3.40 2.99 0.41 0.36 0.31
PMB 27 1.14 1.01 0.89 8.51 7.51 6.62 20.90 18.43 16.25 2.86 2.52 2.22 0.29 0.25 0.22
VBN 1 1.32 1.16 1.03 8.59 7.58 6.68 26.48 23.35 20.58 3.86 3.40 3.00 0.41 0.36 0.31
HYBRIDS 
LGG 450/LGG 410 1.80 1.59 1.40 12.25 10.80 9.55 35.52 31.31 27.69 3.95 3.08 2.08 0.43 0.34 0.28
VRMGG Local/PMB27 1.79 1.58 1.39 12.19 10.77 9.49 35.35 31.23 27.52 2.93 2.62 2.86 0.36 0.24 0.19
LGG 460/PMB 27 1.64 1.45 1.22 11.17 9.87 8.33 32.40 28.62 24.17 3.60 3.10 2.80 0.32 0.29 0.23
EC 30072/PMB 27 1.62 1.88 1.35 11.03 12.77 9.22 32.00 37.03 26.74 3.56 3.11 2.64 0.39 0.31 0.28
VRMGG 1/VBN 1 1.83 1.73 1.46 12.45 11.78 9.94 36.10 34.17 28.84 4.01 3.54 2.56 0.29 0.20 0.18
MEAN 1.56 1.42 1.22 11.08 10.07 8.66 31.36 28.51 24.51 3.93 3.43 2.97 0.39 0.32 0.28
LSD 5 % - 0.26 0.32 - 0.58 1.01 - 0.51 0.45 - 0.24 0.18 - 0.15 0.21
 
food. In other words, photosynthetic capacity in crop plants is the primary component of dry matter 
productivity. Thus, final biological yield or economical yield can be increased either by increasing the rate of 
photosynthesis or by optimizing assimilate partitioning [14]. 
Stomatal regulation is a very important factor in controlling photosynthetic rate as well as water balance of 
plants growing under stressful environments [15 & 16]. Generally, plant water status is maintained by 
regulating stomatal conductance and transpiration rate. In the present study, salt stress reduced both 
stomatal conductance and transpiration rate. 
Nitrate reductase is known for its vital role in determining the productive potential in crops in 
saline/coastal regions [17]. It was observed that the decline in photosynthetic rate was closely associated 
with stomatal conductance and transpiration rate. These parameters were instrumental in the decrease or 
increase of seed yield per plant [18 & 19]. Similarly, high yielded hybrids were correlated with total 
chlorophyll content and had high dry matter production [20]. Chlorophyll, found in all photosynthetic plants 
is the basic pigment for light absorption in photosynthesis [21]. The measurement of total chlorophyll 
content is very simple, rapid and has been applied as an index for salt tolerance screening [22,23 &24]. 
Similarly, the genotypes/hybrids which had high total chlorophyll content had increased photosynthetic 
rate, more dry matter production and higher productivity in terms of seed yield per plant. 
5. Conclusions 
In the present study, the best level of salinity for all investigated traits was control. Salt stress adversely 
affected the biometric, morpho-physiological, biochemical and biophysical characters of 8 parents and 5 
hybrids of mungbean. A significant variation in salt tolerance was also observed among all the parents and 
hybrids studied. The hybrids performed better than the parents for all the characters studied. Obviously, 
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acceptable growth of plants in arid and semiarid lands which are under exposure of salinity stress is related to 
the ability of seeds for best germination under unfavourable conditions, so necessity of evaluation of salinity 
tolerant genotypes is important at primary growth stage. In this research, it was observed that the hybrid 
VRMGG1/VBN1 had the highest values for majority of the characters studied, therefore could be rated 
as best salt stress tolerant hybrid. 
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